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EXECUTIVE SUMMARY 
 
Project Summary:  Demonstrated the existence of a new class of materials, Tube-Super 
Dielectric Materials (TSDM), with highest dielectric constants ever measured.  Employed 
this novel dielectric material to create capacitors with the highest energy densities ever 
reported, >400 J/cm3.  The potential to enable weapon systems such as the rail gun and 
advanced lasers was explored, and the science of all types of superdielectric materials 
was advanced. Two student MS theses (LCDR Jonathan Gandy and LT Natalie Jenkins), 
two journal publications, one presentation at an international conference and one patent 
were generated based on work conducted.  
 
Background: The FY 15 NRP supported research was part of an ongoing program of 
study focused on novel dielectric materials, so-called super dielectric materials (SDM), 
invented by the PI while working at NPS. Program Justification: An ‘all electric navy’, 
rail guns, high energy lasers, etc. requires higher energy density capacitors than those that 
presently exist.  Work conducted over the past two years suggests SDM based capacitors 
may be a viable, enabling, technology, justifying additional study.  
   SDM are a class of simple, inexpensive materials.    It is postulated SDM comprise any 
solid electrically insulating material filled with a liquid containing dissolved ionic 
species, such as high surface area silica (e.g. beach sand) filled with salt water. The 
underlying principle: Porous electrically insulating solids in which the pores are filled 
with liquids containing an ionic species (such as water with dissolved salt) will have very 
high dielectric values by virtue of the separation of ions in the liquid phase, that upon the 
application of an electric field form giant dipoles, and concomitantly unprecedented 
dielectric values.  
     In the first years of the program (FY 2013/14) it was demonstrated high surface area, 
high porosity powders, particularly alumina, filled with aqueous salt solutions (boric acid 
or NaCl) have dielectric constants of order 109, approximately six orders of magnitude 
higher than any previously studied dielectric.  In FY 2015 work continued on the original 
class of SDM, that is ‘powder’ SDM (P-SDM), and a second type of SDM based on 
anodized titanium foils, so-called ‘tube’ SDM (T-SDM) were introduced. T-SDM are 
created by filling the tightly packed layer of nano-scale hollow tubes that form when 
certain metals, particularly titanium, are anodized with a liquid containing dissolved ionic 
species.  
Findings and Conclusions (to include Process) 
     Studies of both P-SDM and T-SDM were conducted in FY 2015. P-SDM studies 
demonstrated that silica based P-SDM generally have higher dielectric values than 
alumina based P-SDM.  In particular, fumed silica dielectrics filled with aqueous 
solutions of either NaCl or NH4Cl had dielectric constants at low frequency of order 1011 
vs. 109 for alumina.  
  TSDM created from anodizing titanium metal filled with aqueous solutions of either 
NaCl or NaNO3 were found to have dielectric values, that increased with tube length (3 
micron to 27 micron) from 108 to 1012.  The highest energy densities measured, >400 
J/cm3 are more about an order of magnitude better than the best commercial capacitors, 
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and better than the best reported prototype high energy density ‘supercapacitors’. A new 
mathematical model was introduced that was predictive of TSDM behavior, including 
energy density independent of tube length. 
    It was concluded that the dielectric and energy density values discovered with the early 
generation of SDM demonstrate the validity of the SDM hypothesis, and suggest even 
better values will emerge in the future.    
 
Recommendations for Further Research 
    Future work should include determining the dielectric, energy density and power 
behavior of capacitors based on all types of SDM.  Recently a modern galvanostat, an 
instrument required for studying the impact of frequency of dielectric behavior was 
purchased for our use.  In addition, the impact of various parameters, such as the use of 
electrolytes with high breakdown voltage, the addition of metal particles, the use of other 
anodized metals, thinner layers, should be explored in a search for yet higher energy 
density capacitors based on SDM. The key equivalent circuit parameters of internal 
resistance and output resistance should be determined.  The durability/corrosion should 
be studied. 
 
